Objective: To examine concurrent physical, educational, behavioural, social and family factors associated with cigarette smoking in adolescents at 14 years.
Tobacco smoking is the most important preventable health-risk factor in Australia. The risks, due to carcinogenic, cardiovascular, pulmonary and fetal effects, increase with duration and quantity of cigarette use. Despite current prevention programs, adolescent tobacco use is increasing in prevalence. [1] [2] [3] Approximately 75% of teenage daily smokers will smoke as adults. 3 Therefore, smoking will be a long-term addiction for most who commence in adolescence. Experimental adolescent smokers have been noted to be 29-times more likely than non-smokers to become daily smokers in the subsequent 6 months. Based on a median commencement age of 16-17 years, 50% of these males and females may smoke for 16 and 20 years respectively. 4 Positive associations are described between frequent tobacco use and alcohol/illicit drug use. 5 Adolescent cigarette smoking is influenced by psychological, biological and environmental factors, and the regulation of cigarette sales. Recognition of associations with adolescent smoking use is imperative in order to direct public health approaches. 4 In addition to parental smoking, reported associations of adolescent smoking include disruptive behaviour disorders, depression, anxiety, other substance abuse and poor school performance. 3, [6] [7] [8] Increased tobacco use has been described in adolescents with chronic diseases such as asthma, with body image concerns and with a desire to lose weight. 3, 9, 10 The purpose of this study was to identify concurrent associations with cigarette smoking at 14 years. This Queensland cohort provided a large number of adolescents of the same age, with multiple variables and with differential results for gender. This study addresses limitations of other Australian studies, such as different localities, 7, 11, 12 smaller numbers, [13] [14] [15] [16] and some with large age ranges. 1 One study assessed females only 15 and the variables measured were often restricted to focused areas such as psychological associations. 7 The age of 14 years is a critical time for initiation of smoking, and also for transition from experimentation to habitual use. 2 Recognition of physical, educational, behavioural, social and family factors associated with tobacco use at this time is important to alert to adolescent cigarette use. Such factors need to be addressed in the targeting and design of intervention strategies.
METHODS

Subjects
Data for this study were taken from the Mater-University of Queensland Study of Pregnancy (MUSP). 17 Between 1981 and 1984, 8556 consecutive public mothers attending their first antenatal clinic at the Mater Mother's Hospital, Brisbane, were invited to participate; 8458 agreed. Of these, 7776 mothers gave birth to a live single baby at the study hospital. Information was obtained at enrolment (on average 18 weeks gestation), 3-5 days post-natally, 6 months, 5 years and 14 years. At 14 years, 5247 adolescents completed questionnaires on current cigarette smoking. Adolescents and mothers completed health, psycho-logical, school and social questionnaires relating to the youth. Adolescents were also invited to participate in individual physical and psychometric assessments at the hospital. A total of 3864 adolescents were assessed physically and undertook the Wide Range Achievement Test (WRAT) and Ravens Progressive Matrices Test. Of the adolescents, 51.6% were males with a mean age (standard deviation (SD)) of 13.9 (0.3) years, which was similar to females.
The children lost to follow up were more likely to be premature and small for gestational age. A significantly higher proportion of mothers of children lost to follow up were teenagers, had lower levels of education, lower income, experienced depression and were more likely to smoke cigarettes.
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Measurement of adolescent cigarette use
Cigarette use at 14 years was assessed by self-report. Adolescents were asked: 'In the last week how many cigarettes did you smoke?' with six options: 50 or more, 30-49, 20-29, 10-19, 1-9 and nil smoked. As few adolescents smoked more than 10 cigarettes per week, the responses were recategorized to three options: >10, 1-9 and nil cigarettes per week. The self-reported smoking data were not verified with objective physiologic or biochemical measurements. However, agreement between cotinine measurement (a metabolite of nicotine) and self-reported smoking patterns has been reported to be higher than 90% among adolescents. 19 A longitudinal study showed that information obtained from the adolescents was reliable when compared with measured salivary cotinine concentrations.
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Measures of child mental health and behaviour
At the 14-year follow up, the mother completed the Child Behaviour Checklist (CBCL) 21 and the adolescent completed the Youth Self-Report (YSR). 22 The CBCL and YSR are standardized questionnaires developed by Achenbach that measure a child's competencies and behaviour problems from ages 4 to 18 years. The questions were reproduced with the three response alternatives being 'Often', 'Sometimes' and 'Rarely/never'. Youth scoring above the 90th percentile were classified as a 'case'.
Social measures
Maternal and partner smoking, maternal age at birth of child, maternal marital status, contact with social services and gross family income were assessed by maternal self-report.
Maternal depression was identified using the Delusions Symptoms States Inventory Depression scale. 3 This instrument has been validated 24 and used in Australian studies. 25 While symptoms on the depression scale closely resemble descriptors used in identifying a major depressive episode in the Diagnostic and Statistical Manual of Mental Disorders, 26 the cut-offs used are not equivalent to a clinical diagnosis of depression. Mothers in the highest decile of symptoms were classified as 'cases'.
Marital adjustment was assessed using eight Dyadic Satisfaction items from the Spanier Dyadic Adjustment Scale 27 as described by Najman et al .
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School measures
School performance was assessed by parental and adolescent self-report and the reading scale of the WRAT. 29 The WRAT is an academic achievement test consisting of three subsets (reading, spelling, arithmetic), and has shown significant correlation with both the Weschler Achievement Test and the Full Scale intelligence quotient (IQ) measure on the Weschler Intelligence Scale for Children III. Ravens Progressive Matrices is a test of non-verbal intelligence with established validity and reliability. 30 The test is based on perceptual analogies presented in the form of two-dimensional pattern matching matrices. Children select, from six options, the one that best fits the missing section. The items become progressively more difficult. A measure of non-verbal IQ is obtained (mean 100, SD 15). In this study, the Timed Group Administration was used.
Health measures and substance abuse
Body mass index (BMI) (weight (kg)/height (m 2 )) was calculated for all adolescents, who also reported exercise frequency, asthma prevalence, medication/alcohol/marijuana use and glue/ petrol sniffing.
STATISTICS
The statistical significance of the associations was measured by the Chi-squared test. A two-tail Pvalue of <0.05 was taken as indicating statistical significance. Calculations were performed using the Statistical Package for Social Sciences (SPSS) program (Version 10, 1999) (SPSS, Chicago, IL, USA). Because of gender differences in outcomes, the results for adolescent behaviour, educational attainment and other substance use are reported separately for males and females.
RESULTS
Current cigarette smoking was reported by 616 of the 5247 (11.7%) 14-year-old adolescents who completed the questionnaire (11.2% boys and 12.3% girls). Two hundred and sixty-six (5.1%) smoked at least 10 cigarettes in the last week (5.2% of boys and 4.9% of girls).
The associations between behavioural factors (represented by the YSR and the CBCL) and male/female adolescent report of tobacco use are shown in Tables 1 and 2 . Externalizing (delinquency, depression) and internalizing (anxiety/depression, somatization) problems were significantly associated with adolescent tobacco use for both sexes. Externalizing problems demonstrated a positive trend of increasing behaviour problems associated with increasing smoking quantity. Gender differences were apparent with a higher prevalence of externalizing problems in boys and internalizing problems in girls. The risk of delinquent behaviour for those smoking at least 10 cigarettes per week was markedly higher than non-smokers. Although the delinquency prevalence in the highest smoking category was lower for girls, their relative risk compared with non-smokers was higher. Table 3 addresses educational factors. School achievement, assessed by self-report, and Ravens Progressive Matrices mean test scores were inversely related to the extent of tobacco use. The percentage of boys with scores less than 85 was higher with greater smoking quantity. This association was less apparent in girls. Maternal report indicated lower perceived academic performance for boys. Although girls were at lower baseline risk of reported below average achievement, the risk for girls smoking at least 10 cigarettes per week was more than double that for non-smoking girls. A similar relative risk was evident for boys.
There was no significant difference in exercise frequency or BMI by tobacco use. Asthma self-report was 40% higher in girls smoking at least 10 cigarettes per week compared with non-smokers. Mothers of girls smoking at least 10 cigarettes a day reported a prevalence of 31.7% for their daughter 'some-times or often' having asthma compared to a prevalence of 19.8% in non-smokers (P = 0.04). A higher prevalence of medication use was also reported in smokers (P = 0.03). A similar trend for boys was not statistically significant. Table 4 presents data showing an increased use of other illicit substances by adolescent smokers. For both genders, 90% of non-smokers rarely or never drank alcohol compared with less than 50% for those in the highest smoking category. A marked association of cigarette smoking with marijuana use and sniffing petrol/glue is demonstrated.
A trend of greater contact with children's services and increased smoking quantity is also demonstrated in Table 4 . In the non-smoking category, boys were more likely than girls to be suspended from school. However, the relative risk of suspension for girls smoking in the highest category compared to those not smoking was more than double the same relative risk for boys (12.4 (95% CI 7.7-19.9) compared with 5.4 (95% CI 4.3-6.8)). Table 5 outlines maternal and social factors. Increased adolescent tobacco use occurred in the presence of increased parental smoking. Adolescents smoking at least 10 cigarettes per week were three times more likely to have both adults in their family smoking compared with non-smoking adolescents. Adolescent smoking is increased in the context of mothers aged in their teens at the time of delivery, maternal depression, marital conflict and lower levels of both maternal education and family income. There were no significant differences between boys and girls with respect to the parameters presented in Table 5 . 
DISCUSSION
This study confirms, in a large Australian sample of boys and girls, that cigarette smoking at 14 years was significantly associated with internalizing and externalizing behaviour problems, educational difficulties and alcohol/illicit substance use. In addition, there were positive associations with parental smoking, marital conflict, maternal depression and social dis-advantage.
While other studies have assessed specific associations with adolescent smoking, this crosssectional survey provides information on multiple personal and family domains in a large number of children at the critical time of smoking initiation. Findings from this study extend current knowledge, particularly the gender-specific associations of smoking. Although gender-specific rates of problem behaviours varied widely (increased anxiety/depression rates in girls, increased externalizing problems in boys, decreased maternal report of school performance in boys), similar relationships between cigarette smoking and such behaviours were observed in boys and girls. The study also showed the associations between smoking and multiple measures of academic attainment and intelligence, with lower scores on the Ravens Progressive Matrices Test in boys with increased smoking quantity. Other studies have not analysed gender and educational achievement with respect to smoking.
This study showed lower estimates of current smoking behaviour than an Australian study conducted in 1996. The 29 850 students aged between 12 and 17 years included 5704 14-year-old students of whom 20% of males and 23% of females reported smoking in the past week.
1 This difference may relate to differential loss to follow up, different methods of sample attainment and different study locations.
Table 4
Substance abuse and other associations with adolescent report of tobacco smoking Findings from this study did not replicate those of an American study. 8 Decreased adolescent smoking was described in those with higher levels of physical activity. Sporting activity may be more endemic in Australian than American youth. Dieting and weight concerns have been prospectively associated with increased risk of smoking initiation within the next 12 months. 9 In this present study, the fact that there was no significant difference in BMI compared with tobacco use may reflect the cross-sectional nature of the findings or that BMI, as an isolated parameter, is not necessarily indicative of body image concerns. Increased asthma self-report and medication use was evident in smoking females. Adolescent asthmatics have reported increased negative social perceptions and feelings. 17 As discussed previously, females described more internalizing problems. These factors may compound each other. Adolescents with asthma and possibly other chronic diseases may be at particular risk for cigarette smoking. However, it cannot be distinguished whether the associations are due to the effects of asthma as a chronic disease or due to cigarettes acting as a causative/exacerbating factor. Because of potential influences of loss to follow up, caution needs to be exercised in interpreting these results.
As described in 'Methods', a greater proportion of socially disadvantaged were lost from the study compared with those remaining. Hence the prevalence of adolescent smoking and its association with behavioural, social, health and school factors may be underestimated.
After leaving school, young adults usually progress to heavier cigarette use. Therefore the adolescent years provide an opportune time to intervene with smoking reduction/cessation programs. 31 The multiple associations demonstrated in this MUSP cohort suggest many interrelated (and probably enmeshed) factors are involved in adolescent smoking. Irrespective of cause-effect debates, such associations may be barriers to cessation/reduction and important in the persistence of cigarette use. This study suggests that interventions should both identify and address factors such as adolescent psycho-logical well-being, family influences/modelling and educational difficulties, considering potential gender differences. Intervention designs almost certainly require multidisciplinary input. Psychological, educational and medical services all have a role in minimizing and/or preventing morbidity and mortality associated with cigarette smoking.
